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The Journal of Orthopaedic and Sports Physical Therapy
(JOSPT) published a clinical viewpoint article in September
2020 authored by Drs. Noehren and Snyder-Mackler, enti-
tled “Who’s Afraid of the Big Bad Wolf? Open-Chain Exer-
cises After Anterior Cruciate Ligament Reconstruction.”! In
this article, they advocate for the use of open-chain exer-
cises post anterior cruciate ligament reconstruction (ACLR),
using the fairy-tale of the “Three Little Pigs” as a metaphor
to validate their viewpoint. As noted in the JOSPT clinical
viewpoint of Drs. Noehren and Snyder-Mackler, they favor
the use of open kinetic chain (OKC) exercises to strengthen
the quadriceps post-surgery. In contrast, we are concerned
about our patients performing OKC knee extension exer-
cises with significant resistance in unsuitable range of mo-
tion (ROM) and at inappropriate time frames during the re-
habilitation process following ACLR surgery. This clinical
viewpoint discusses the concerns with using OKC knee ex-
tension exercises and strategies to ensure safe, effective
quadriceps strengthening post-ACLR.

There is no doubt, as the authors point out, that quadri-
ceps strength and limb symmetry are essential to the
restoration of adequate knee function after ACLR, particu-
larly as it relates to the ability to return to sport, incidence
of subsequent knee injury, and the long-term development
of osteoarthritis.1~3 OKC knee extension exercises can be
used safely following ACLR and must be an integral part of
the rehabilitation process. Fleming et al* reported similar
ACL strain values with OKC knee extension and CKC squats
with very load resistance loads. We routinely prescribe this
exercise for our patients following ACL surgery. However,
being too aggressive (maximum effort or high force exer-
cise) can be deleterious to the integrity of the ACL graft
post-operatively and lead to patellofemoral pain complica-
tions.>

OKC knee extension when used inappropriately can be
harmful to the post-operative integrity of the graft because

of the unopposed anterior shear forces placed on the graft.
Wilk et al® reported during isotonic open chain knee ex-
tension there is minimal to no hamstring muscle activity,
and therefore no co-contraction. Furthermore, near termi-
nal knee extension (40 to O degrees of knee flexion), the
amount of quadriceps force produced to extend the knee
joint is 3-4 times greater, thus resulting in higher ACL
strain. Co-contraction of the quadriceps and hamstrings is
important in order to reduce anterior tibiofemoral shear
forces and ACL strain.

Increased load results in an increased amount of strain
placed on the ACL.”8 Beynnon et al” placed strain gauges
into normal subject’s ACLs, reporting the highest amount of
in vivo ACL strain from 40 to O degrees, and found that as
resistance increased, so too did the amount of strain placed
on the ACL. Grood et al8 reported that very large quadri-
ceps forces are needed to perform the last 15 degrees of OKC
knee extension, and the quadriceps forces increased signif-
icantly with added resistance. It has been theorized that as
resistance increases, ACL strain incrementally climbs.%%10
These forces can be especially detrimental in reconstruc-
tions using hamstring grafts due to soft tissue fixation and
with allografts, both of which are more susceptible to creep
or graft stretch-out. Beynnon et alll reported on serial knee
laxity test results utilizing accelerated compared to non-
accelerated rehabilitation programs following ACL recon-
struction. The investigators reported that subjects had an
increase in knee laxity when leg extensions were increased
in both groups. Thus, care should be exhibited when in-
creasing loads are applied to the leg during OKC knee ex-
tension exercises, especially in the 40 to full extension
range of motion.

Another closely associated consideration in the appro-
priate use of resisted OKC knee extension exercises is the
significant reaction force and stress placed on the
patellofemoral joint in a population that may be prone to
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developing anterior knee pain. Steinkamp et all2 and Es-
camilla et all3 both found that the patellofemoral joint re-
action and compressive forces were significantly greater be-
tween 50-0 degrees of knee flexion during the OKC knee
extension exercise when compared to CKC exercises. With
the patellofemoral contact surface area significantly de-
creased near full extension, and the quadriceps forces sig-
nificantly increased in this range, the patellofemoral joint
may be more susceptible to injury during heavy resisted
OKC knee extension.

A frequently seen complication following ACLR is reha-
bilitation-induced anterior knee pain. Because this compli-
cation is difficult to resolve once it is established and can
result in deleterious effects on both continued rehabilita-
tion and functional outcomes, the development of anterior
knee pain during rehabilitation must be avoided at all costs.
In our opinion the judicial use of OKC knee extension is cru-
cial to ensuring that anterior knee pain does not develop
as a primary complication during rehabilitation following
ACLR.

Isokinetic OKC knee extension exercise has been shown
to be safe at higher angular velocities, due to the mechan-
ical ability of the apparatus to accommodate resistance
through motion. Wilk et all4 reported that at slower speeds,
such as 60 degrees per second, there was greater anterior
tibial translation than at faster speeds. At higher speeds
(180 degrees/second and 300 degrees/second), less torque
was produced, thus resulting in less anterior tibial transla-
tion during accommodative resistance knee extension. It is
important to note that traditional isotonic knee extension

is performed at approximately 60 deg/sec.

Our recommendations to the readers are to heed the
moral of the three little pigs: Hard work and dedication
pay off when resistive exercise is properly applied and con-
trolled. Post-operative rehabilitation of patients who have
undergone ACLR should consist of OKC and CKC exercises
in combination with a focus on restoring quadriceps sym-
metry to the recovering limb. Patients should not perform
full range OKC knee extensions with significant force for 6
to 9 months following ACLR, until the graft has incorpo-
rated into the osseous tunnels and graft maturation has oc-
curred. OKC knee extension exercises performed at low load
are safe and are safer to use from 90 to 40 degrees of knee
flexion ROM. High loads from 40 to 0 degrees of knee flex-
ion can be harmful to the knee especially for patients fol-
lowing ACLR or with ACL laxity.

In conclusion, our position is that rehabilitation profes-
sionals need not be afraid of the big bad wolf or the proper,
appropriate use of OKC knee extension. After all, it is a use-
ful and necessary exercise to improve quadriceps strength
and a method of performing isolated muscle testing. But,
like the little pig that built his house of bricks, make sure
you are wise in your selection of the appropriate amount
of resistance, arc of motion, time frame from surgery, and
the type of patient when incorporating OKC knee extension
into exercise programs for your patients following ACLR.
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